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1 

Overlay Alignment Mark 

The invention telates to overlay metrology during scmicondactar device 
5 fabrication, and in particular to an overlay alignment mark to &cdlitate 
alignment and/ or measure the alignment error of two layers on a 
semiconductor wafer structures different exp'osnres on the same .layer, 
during its £iibrieati<mv . 

10 Modem semiconductor devices, such a$ integrated circiitts, are typically 
• , fabricated from wafers of semiconductor materiaL In particular, a wafer is 
fabricated comprising a succession of patterned layers of semicondnotor 
materiaL 

15 Overlay metrology iiv.gemicondiictor device j&bricatlon is used to determine 
how well one printed layer is overlaid on a previously printed layer. Close 
t alignment of eaoh layer at all points within the device h cmcial for reaching 
the design goals and heiice Hip required quality and performance of the 
manufactured device. It is consequently of importanoe for the ef&ciency of 

20 the manufacturing process that any aligxunent error between two patterned 

. . layers on a water, especially successive patterned layers can be measured 
accurately. It is similarly important to be able to measure any alignment error 
between successive exposiires in the same layer, and where reference is made 
herein for convenience to two layers it will be understood where appr o priate to 

25 apply equally to two exposure:? in the same layer. 

Misregistration between layers is referred to as overlay error. Overlay 
metrolo^ tools are used to measure Ihe oveaday error. This information may 
be fed into a closed loop system to correct the overlay ecror. 
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onto suoc«rfve layers of . semioodctoctor wafer during fttacanpn. The 
relative disptao^ent of two .uooessive l^or» ta toeasuied im^ tto 
paum-s at high magnification, digitiring flie iinage.. and processing the mage 
data naing varioua known image analysis algorito to qoanti^ to overlay 



error. 



-The prtttm of fl» target nnak may be allied «> 

™^ I^partlcute, ft is often i»»fer»d1hatfte made ia printed onto tto 

,0 wafer layers using photol»ographio metods. TVpidly. ft« <-"l^ 
. i. used to apply overlay target marlcs on eaeh of two wafcx layers to be IKted 
to enable alignment information to be measured which is represenWlve of ft= 
aUgnmen. of the laye,s. Accuracy of layer aUgmnent should oon^spond to 
scouiacy of circuit pattern alignment within the febricated wafer. 

Current o«=rlay metology is nonnally practised by printing targcte with 
^gotar symmetry. For each measm«nen. two targets are printed, one m 
the current layer and one in a previotu. layer, or one in saaocMon witi. ead. 
pattern in a eonunon layer. Tbe choice of which previous layer to use « 
20 deteaninedbyp««=ssto1erances.n.ei»ot^haveanominallyoomH.on 

centre, btrt are printed with differe,« sizes so that they pan be ffifftrontiated. 
Normally, but not always, the target printed in the current kyer is the smaller 
of *e two targets. An overiay measurement in sud. a system is the actual 
measured displaccmBOtof fte oenBesof (he two targets. 

Current preferred practice is ilu,t the size of .]» targets is dasikned such ftat 
both can be imaged simultnnoously by a briUtf^flald mioroseop.. Imagn« 
eonsideradons determine that <3« larger of the two targets is typicaEy a 25|»m 
square on the outside. This armngement permHa capture of all of the 
30 necessary data for the performance of the ™a.u™»n.ftom.ame?e image. 
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Measureracnts at a rate of onq in every two seconds or less are possible using 
current technology. 

The procc^durq necessarily reqi^ires that the target and its image ore symmBtric, 
5 since otherwise there is no uniquely defined centre point. Without syminetry 
there is an uncertainly in the measurement, which may be more than can be 
tolerated. Within that general requirement, optimal sizes and shapes of current 
designs of targets to be measured arc well known. The targets ana positioned 
in the scribe area at the edge of the fabricated circuit 

10 

It IS generally highly desirable that the measurement targets maintain axial 
symmetry about the optical axis of the measurement tool, since accsinate 
measurement requires^'ery close control of image aberrations and this can 
only be achieved in practice for rmages at or centred about the system axis. In 
15 most prior art systems, measurements ore therefore made from the targets by 
computing a centre line for each different target The overiay measurement is 
the difSference in the centre lines. Most of the target designs in general use 
perrnit measurement of tihic vcTtjcal and horizontal overlay displacement from 
a single image* 

20 

Measurement errors nrust be controlled to a very small amount. Errors known 
to arise are classified as random errors, characterized by determination of 
measurement precision; and systematic errors, characterized by tool induced 
errors, tool-to-tool measurement dififwences and errors introduced by 
25 asymmetry in the targets being measured. Successful application of overly 
metrology to semiconductor proems control is generally held to require ftat, 
combined, these errors are less than 10% of the process control budget This 
measurement error budget is in practice in the range 1 to 5 nm, and will 
remain so in the foreseeable frxturc* 

30 
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Mcasuiemcnt precision is easily detennined by analysis of the variations of 
repealed measurBmBnts. DifF^pstit forms of precision may be detennined by 
well Icnown appropriate methods, allowing determ'mation of tha static, short- 
term and long-term components of precision. 

5 

Determining the contribution of the measurement tool alone to errors is 
achieved by comparing meaBurementa made witii the tatg^ in its normal 
presentation with a measwrememt made after rotating the target by 180* with 
respect to the imaging system. Ideally Ihe raeasureraBnt will simply change 

10 sign. The average of the measurements at 0» and ISOMscaDedlboZ/nrfKcerf 
Shift (TIS), as is well known to those skilled in the art, and is widely accepted 
as a measure of the tool's systsmatic error contribution. Measurements of TIS 
differ from tool to tool and with process layer. Subtraction of the estimated 
TTS ertw ftom the mcasuromente allows removal of the US error from the 

15 measurements, but at the expense of the additional time taken to measure the 
target twice. 

Different tools, even when of the same type, will make slightly diffisrent 
measurements, even after allowing for precision and TTS errors. The 
20 magnitude of this error can be determined experimentally by comparing the 
averagCB of rtqaeated measurements at 0" and 1 SC* on two or more tools. 

The contributions of precision, TIS and tool-to-tool differences are normally 
combmed through a root-sum-square product, or altsmalive ^propriate 

25 metSiod, to determine ths total measurement uncertainty due to the 
measurement process. The total measurement uncertauity must he less than 
10% of the overall overlay budget for the process if the metrology is to have 
value. Existing measurement tools and procedures achieve a total uncertainty 
within tliat required for cunent process technologies but insufficient for future 

30 requirements. 
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By contrast, although the contribution of asymmetry m the measurement target 
. itself is widely undrastood it is not normally determined. It is known that in 
many cases it can be much larger than the tool contribution to measuremOTt 
5 uncerfainty. There are two sources of error to be considered; 

1 . Ttnperfeofion in the manufacture of the target which leads to an 
uncertainty in its location* "An example of this is physical asymmetry 
of the target, caused perhaps by uneven deposition of a metal film. 
2- DiflDapence in the displacement of the two layers at the measurement 
10 target and the genuine overlay of the same layers in the device being 

manufactured. These can arise fram errors in the design and 
• manufacture of the reticles used to create the patterns on the wafer^ 
proximity effects in the printing process and distortion of the films after 
printing by other process steps. 

15 

These measurement errors represent a practical limitaticsa of the currCTt state 
of the art which causes severe problems in the application of overlay 
metrology to semiconductor process control. 

20 Improvements to the first of these problems can sometimes be achieved by 
fabricating the features in the measured targets from much smaller objects - 
lines or holes. These smaller features arc printed at the design rule for the 
process, currently in the range 0.1-0.2 ^m, and are grouped close together. 
They are too small to be mdividually resolved by the c^cal microscopes used 

25 in overlay metrology tools. The small features are grouped into larger shapes 
in the pattern of traditional overlay targets. The use of small features avoids 
some of the mechanisms ' causing imperfections in the shape of the 
manufactured targets, in part by taking advantage of the optimization of the 
manufacturing process for objects of this size and shape. 

30 
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A furfher prbblMn is introduced by the size of the targots, which are a 
signiiScant fiaction of the space available in tlie scribe area sunounding ihe 
devices being fabricated. It is desired that the size of these areas be reduced, 
which means that it is also highly desirable .that the measurement targets be 
5 made smaller. However, the size of the target cannot be reduced too much, 
since accurate measuxement requires that the mrasured features are not 
significantly smaller than the resolulioa of the microscope system, and 
achieving good precision reqpiires that as many as possible of such features are 
visible in the image. 

10 

It has been shown (Smidi, Nigel P.; Goelzer, Gary R.; Hanna, Michael; 
TrocQolo.' Patrick M.. "Minimizing overlay measurement errors'\ August 
1993, Proceedings of SPIE Volume: 1926 Integrated Circuit Metrology, 
Inspection, and Process Control Vn, EditorCs): Postek, Michael T) that space 

15 must be left between the features printed from the two layers else the 
proximity of one to another causes an error in the measurement. The 
magnitude of Ihis error depends on the resolution of the imaging microscope 
system, but must be 5 |J.m or greater in practical designs if the measuxement 
error is to be contained within practical limits. This proximity effect fiirther 

20 limits the extent to which the size of the targela can be reduced. 

However, high speed is one of the key advantages of existing oveday 
metrology practice, and any process development must not lose this advantage 
if it is to be viable in production use. This requirement means that uncertainty 

25 reduction by Ae use of repeated measurements is highly undesirable. There is 
thus a general desire to develop alternative overlay patterns and/or analysis 
methods which apply the basic principles of existing metrologies but in a 
manner that mitigates some or all of these errors to produce an improved 
febrication metrology, and in particular a metrology offermg unproved 

30 acouraoy without substantial loss of througlqmt speed. 
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La accordance with the pxesent invCTtion in a frcst aspect an overlay mark Sar 
determining the relative position between two or mote layers of a 
semiconductor structure or between two or more separately generated patterns 
on a single layer of a semiconductor structure comprises a first mark portion 
associated with a first layer or pattern as the case may be and a second mark 
portion associated with a second layer orpattacn as the case may be, wherein 
each maik portion comprises a 8ii:^le two dimensional generally or&ogonal, 
and preferably generally square, array of individual test stracturcs. 

The invention discloses novel target designs that address the disadvantages of 
the existing technology,' in particxilar offering significantly improved accuracy, 
without sacrificing advantages in relation to speed of processing and 
otherwise. 



Hie invention exploits the realisation that effective information about 
alignment in two directions may be given by a single square array exploiting 
entirely conventional imaging techniques, such as the bright field techniques 
commonplace in the prior art Scanning this pattern in two dxtnensioos. more 

20 specifically orthcgonal X-Y scanning parallel to^ the two linear directions of 
the array, yields inforaiation about misalignment in both directions. This 
ojSfers the potential to yield an overlay error measurement represoniative of 
layer or pattern misaHgnment in two dimensions fi-om a single naarked region 
using standard or specifically developed unage analysis techniques to 

25 detSnndne the misregistration between the two patterns. More conq>leK 
patterns involving two or more regions in each mark, each adapted to measure 
misalignment in a particular direction, are not necessary, provided a single 
accurately disposed array of individual test structores in accordance wiih the 
invention is laid down upon each layer, or associated with each pattern, as the 

30 case may be. 
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A fiirther advantage is that existing metrology tools may be simply adapted to 
their measurement, avoiding the costs involved in retooling that radically 
different methods would require. 

5 

Each mark portion is spatially associated with a layer or pattern under test, so 
liiat the measured overlay etfor is rejaresenlative of the misaligmneot between 
. the respective layers or patterns. Overlay mairks in accordance wifli the 
invention are equally suited to measuremait of alignment errors between 

10 layers, m particular but not limited to consecutive layers, and aligmneait error 
between, different exposures in the same layer, and where reference is made 
herein for convenience to two layers it will be understood wh^ appropriate to 
apply equally to two exposures in the same structural layer. Where the 
overlay mark is used to aid measurement of alignment between dififeraat 

15 lay«cs, the first mark portion is laid down tq?on a first layer, in particular an 
uppermost layer, and the second mark portion is laid down upon a second 
layar below the said first layer, such that the test structures of the second layer 
are detectable through flie first layer. The uppermost mark portion serves as 
an alignment marking, and tihe Iowa: mark portion as the reference marking. 

20 

The test stmctures coniprising each mark portion are di^osed in each case as 
a single two dimensional array with an orthogranal anangement. This should 
be understood to mean that each array comprises an arran^ment of individual 
teat structures famiing a plittality of parallel rows and columns, liie row and 

25 column dicectioiis being at right angles to each other. In use these should 
coiiespand to the miiior angles of the optica! equipmcsnt used fcr image 
analysis. For most applications a substantially square array, with generally 
constant spacing between test structures throughout the array, will be 
preferred. In ccilaiii cases, a functionally varying spacing between adjacent 

30 TOWS and/or coluntns r^peotiyely in a column/ row direction as the case may 
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be might be uscfid for particular fimctianality, provided always liat the 
orthogon^tl relationship of rows and cohnnns is mamtaincd. 

Preferably the spaciag between test structures in the array comprising the first 
5 mark portion and the spacing betwecaa test structures in the array comprising 
the second mark portion is equivaJcnt- In particular both are square arrays of 
generally equal spacing. 

The overall mark portion preferably also has a generally square outline. It is 
10 desirable if asymmetries are to be avoided. However nunor deviations in 
particular arc unlikely to be significant Moreover, the requirement for an 
orthogCHial array of successive rows and colunms does not preclude designs 
where individual test structures are absent fiom a limited portion of the sites 
defined thereby. Such gaps might be incorporated for example to add readable 
15 information, or to include fiirfher mark features giving such give additional 
information. Such gaps/ additional madcs are preferably located so as to 
maintain symmetry of the stracture in tfie maifc portion and/ or about the 
i ntended optic axis of the imaging apparatus. 

20 The dimensions of each test stracture within each array and the spacing 
thereof will be optimally determined by and are therefore preferably set with 
reference to the resolution limit of the imaghig microscope. Typically 
therefore eacto. test structure will have a widtti of around 0.5 to 2 ivaa. Spacing 
between test structures in the array will preferably be between one and four 

25 stracture widdis. Ttds will maximise feature density at the resolulion linrit of 
the imaging device. Any specific design embodying the principles of the 
invention will increase the number of feature transitions when compared with 
many previous designs. Each array may comprise several teat structures in 
each direction, preferably at least five, while fitting comfortably into a 
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conventional tnark area. The additional image detail provides more 
information content in the image, providing for an improvement in 
measurement precision. 

5 The individual test structures malcing up each array are preferably 
Bubstantially identioally sized and shirped. Each test stniotuEB convemently 
has generally square geometry. 

Individual test strwctores may optionally bo made nsing design role sized sub- 
ID structures to address issues of process induced inaocuracy, as is well known. 
Suitable airangements, femiliar to those sldlled in the art, include parallel 
arrays of elongate rectangular sub-structures in either direction, arrays of 
square sub-structures, circles in square or hexagonal array, arrays of holes 
witiiin a suitably shaped test structure and any combinations of these or other 
15 like patterns. Sub-structure dimensions are set by design rule limite, being 
typicaHy for present techniques of the order of lOO to several hundreds of 
nanometres. However advances m manufacturing processes are likely to 
further xeduce these dimensions in the future. 

20 In use with a standard imaging device, the orthogonal arrays making each 
mark portion ai© to be aligned with the vertical and horizontal grid directions 
of each array (ie the rows and columns farmed by the test structures) parallel 
to each other and to the X-Y symmetry lines of the imaging device. It has 
been noted that qptimai perfordoance depends on measurement being omtred 

25 on the optic axis of the imaging device. Two embodiments are proposed to 
facilitate ibis. 

In a first embodiment the arrays of test structures making up the first and 
second mark portions arc disposed such that the first portion overlays the 
30 second portion and that the test structures of seconAportlon ate arrayed withki 
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the gaps between file test structures of the first portion and visible 
therebetween. In particular, each test structure in the second portion is located 
at a point sitting at the diagonal centre of a square bounded at each comer by 
test structures of the first portion. 

Preferably, the two test portions are laid down with generally co-Iooated 
centres, the commoa centie intended to correspond to the optic axis of the 
unagmg system in use, but it will be understood that minor asymmetry in this 
regard* especially at the edges of the structure will not seriously degrade 
10 measurement accuracy as long as the interlaced arrangements is maintained. 

In this embodiment, the design is opt'raiised if test structures in each array are 
spaced with a periodicity around diree to four times the width of an individual 
test structure. This provides adequate gaps ra tiie . array comprising the upper, 
15 mark portion for visibility of teat structures in the lower mark portion 
therethrough. 

In a second embodiment the test structures making up the first and second 
mark portions ate disposed such that the first portion is laterally spaced from 

20 , the second portion in a spacing direction parallel to a horizontal or vertical 
direction of the square arrays such that a notional line in the spacing direction 
cao be drawn about which each array exhibits mirror symmetry. In use this 
wiU correspond to one of the mirror axes of the imaging device, with the 
centre point of this notional Une equidistant from each mark portion intended 

25 to correspond to flcie optic axis of the imaging system. Each mark portion will 
preferably comprise an identical pattern of test structure. 

hi this embodiment, the design is optimised if test structures in each array are 
srpaoed wilh a periodicity of two to three structure widths, in particular around 
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two» Lc. 80 that ths spacing between test stniotures is the same as the width o£ 
an individual structure. 



The test structures making up tibe array comprising each mark portion may be 
5 laid down by any suitable technique known to those skilled in the art, in 
particular ttie photolithographic techniques above described. 

The advantages of existing target designs are retained. The measurements are 
made from a single image so that speed is not compromised. The 
10 measurement is made using an optical image, so that existing imaging tools 
can be used. Overlay error may be quantified using any suitable known or 
specifically developed image processing technique. 

Thus, in accordance with the present invention in a second aspect a method for 
15 providing an overlay maifc to detearraine the relative poedtion between two or 
more layers of a semiconductor structure or between two or more separately 
generated patterns on a single layer of a semiconductor structure comprises the 
steps of: 

laying down a fiiBt mark portion in association witli a first layer or pattern as 
20 the case may be; 

and laying down a second mark portion in association with a second layCT or 

pattern as the case may be; 

wherein each mark portion comprises a single two dhaiensional generally 
square array of genaally evenly spaced individual test structures. 

25 

Similarly^ in accordance with the present invention in a third aspect a method 
for determining the relative position between two or more layers of a 
semiccoiductor structure or between two or more separately generated patterns 
on a single layer of a semiconductor structure comprises the steps of: 
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laying down a first mark portion in assodation withi a first lay^ or pattern as 
the case may be; 

laying down a second marie portion in association with a second layer or 
pattern as the case may be; wherein each mark portion comprises a single two 
5 diraensional generally square array of generally evenly spaced individual test 
structures; 

optically imaging the two mark portions in a horizontal and vertical array 
direction; 

collecting and digitizing the image; 
10 numerically analysing the digitized data to obtain a quantified measurement of 
the misaligninent of the first and second ihark porticms. 

Each mark portion is preferably laid down by a photolifhographic process. 
Optical imaging of the mark is preferably carried out using bright field 
15 microscopy. Other preferred features of the methods wiU be understood by 
analogy with the foregoing. 

The invention will now be described by way of example only with reference to 
figures 1 to 2 of the accompanying drawings* in which: 

20 

Figure 1 is a general schematic of a marfc in accordance with a first principal 
embodiment of the invention comprising superimposed mark portion?; 

Figure 2 is a general schematic of a mark in accordance with a second 
25 principal embodiment of the inveation comprising adjacent mark portions; 

In all of the figures, the mark comprises a first or alignment mark portion on a 
first Jayer or associated with a first pattcsm on a common layer, and a second or 
reference mark portion on a second lower layer or associated with a second 
30 lower pattern on a common layer. The first mark portion is repreadited by 




lifter grey-shaded stmctures. The second mark portion, configured to be at 
least partially visible in wnjuiiction with the first, is represented by darker 
grey-shaded stmctures. 

5 In each case the invention lies in the arrangement of periodiG test structures* 
The periodic structures and any sub-structares making up the test structures 
are formed using any suitable processes. Typically these will include 
lithographic processes that are generally known in the art. Misalignment is 
measured using imaging systems and image analysis techniques, which may 
10 be standaid systems and techniques that are generally known in the art or 
systems and techniques modified to be optimized specific to the marks in 
accordance with the invention* 

Figure 1 iUixstrates a top plan view of an alignment marie according to one 
15 embodiment of the invention- The mark is shown in the intended 
configuration that results when the tested layers of a structure are in proper 
alignment The mark consists of two marie portions, one on each layer, 
comprising substantially identical square arrays of test structures overiaid into 
an interlocking pattern, whereby the test structures of the second marie portion 
20 lie at the centres of notional squares bounded at the comers by test structures 
in the first mark portion. 

Each array also has an overall square shape. The two arrays are laid down 
wi& a common centroid. The first mark portion is larger by one pattern r^e^t 

25 m both directions, and ofifeet relative to the second by half a pattem repeat in 
bofli directions, to maintain rotational symmetry about the common centroids. 
This common centroid should correqjond to the optic axis of the imaging 
system in usb» with mirror axes of the imagmg system paral lel to the rows and 
columns of the squares. Given sqppropriat© axis orientation of a suitable 

30 imaging device the rows in each array may serve for x-axis registration 
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measurements and the columns for y-axis tegistratiot} measurements. The 
simple nmrk» "vvith a single army comprising the mark pottion on a layer, can 
thus give two dimensional registration informalioni 

5 Each of the mark portions consists of a square aaray of periodic test structures. 
Each of the test structures in the example is also square in general outline* 
jEach IS shown solid in this plan view, but it will be well understood that it 
could comprise multiple sab-structares at a design mle level (examples of 
which are given below) for reasons that will be &miliar. In a specific 

10 implementation of the example mark each test structure comprises a 1 yxti 
: square. Lateml spacing between squares is then around 3 jun to provide the 
ncocssaiy gaps for &e interlocking arrangement of tihe two arrays* Dimensions 
are set to maximise feature density within a normal mark area and hence 
accuracy^ subjecit to the resolution limit of a typical imaging system. The 

15 measurements will vary in practicej, depending on the required accuracy and 
the resolution limit of the imaging system. 

A gap is provided in the centre of the array, mto which an identification key 
mark could be included with the overlay layer to ensure that correct reference 
20 and oveday are matched. This is optional. Alternatively, the arrays may be 

i 

contimious across the centre. 

Figure 2 illustrates a top plan viev/ of an aliginhent mark according to a 
second embodiment of the invention. The mark is shown an the intended 
25 configuration that results when the tested layers of a structure are in proper 
alignmenL The mark consists of two maik portions, one on each layer^ 
cotnprising substantially identical square arrays of test stractures. Each army 
also has an overall square shape. 
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The two arrays are laid down displaced apart about a notional line which can 
be drawn pamllel to die acray tows so as to form a notional mirror symmetry 
line for each sqnare. The centre of this notioTml line shoiild correspond to th© 
optic axis of the imaging Bystem in use, with mirror axes of 1h© ima^g 

5 system parallel to the rows and columns of the squares. As befiare, with, 
appropriate axis orientation of a suitable imaging device the tows in each array 
may serve tor x-axis registration measurements and the colunms for y-axis 
re^tration measurements so that the simple mark, with a single array 
comprising Ifae mark portion on a layer, can give two dimensional registration 

10 information. 

Each of the mark portions consists of a square array of periodic test structuies. 
As before, each of the test structures in the example is also square in general 
outline and shown solid but could contprise multiple sub-sfccuctures at a design 
15 rule level. In a specifio implementation of the example mask each test 
structure comprises a 1 jAm square. Lateral spacing between squares is also 
around 1 pm. Dimensions are again set to maximise feature density subject to 
the resolution limit of a typical imaging system. 



Figure 1 
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Figure 2. 
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